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Surgical and transcatheter ablation of accessory atrio-
ventricular (AV) connections (Wolff-Parkinson-White 
syndrome) requires accurate localization ofthe accessory 
pathway. In a canine model of endocardial pacing, a 
continuous loop two-dimensional echocardiographic 
technique was developed for determining the earliest site 
of ventricular activation. This technique was then used 
to localize accessory A V connections in patients. Echo-
cardiographic images were acquired on videotape and 
converted to a digital continuous loop format, from which 
the earliest site of systolic motion was determined. In 
six dogs, using six distinct endocardial sites, two blinded 
observers accurately identified the earliest site of ven-
tricular activation in 31 (86%) of 36 and 32 (89%) of 36 
locations. Determination of the earliest site of ventricular 
activation with the continuous loop digital technique was 
superior to standard analog analysis in overall accuracy 
The emergence of surgical (1-3) and transcatheter (4) abla-
tion therapy for arrhythmias associated with accessory atrio-
ventricular (AV) connections (Wolff-Parkinson-White syn-
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(p < 0.02) and in intraobserver variability (p < 0.004). 
After validation of this technique, 21 patients with 
22 accessory A V connections with anterograde conduc-
tion were studied. The earliest site of mechanical activity 
was determined during sinus (10 patients) or atrial paced 
(11 patients) rhythms by two blinded observers and com-
pared with electrophysiologic mapping and surface elec-
trocardiograms. Digitally processed echocardiograms 
correctly localized the earliest site of ventricular acti-
vation in 18 of 22 connections and predicted an adjacent 
location in the remaining 4. It is concluded that digitally 
processed continuous loop echocardiographic analysis 
accurately localizes the site of origin of ventricular ac-
tivation in patients with ventricular pre-excitation as-
sociated with the Wolff-Parkinson-White syndrome. 
(J Am Coll CardioI1986;7:1286-94) 
drome) has necessitated accurate localization of the accessory 
pathway by invasive electrophysiologic testing. However, 
confirmatory noninvasive localization of the accessory path-
way is useful when results of electrophysiologic testing are 
inconclusive, Prior noninvasive techniques for localizing 
such pathways have included routine 12 lead electrocardi-
ography (5). M-mode echocardiography (6-9) and radio-
nuclide ventriculography (10), All previous echocardio-
graphic studies relied on M-mode echocardiograms to 
determine abnormal wall motion in patients with antero-
grade conduction over an accessory A V connection. Al-
though the temporal resolution afforded by the high sam-
pling rate of M-mode echocardiography makes it a useful 
technique for analysis of rapidly moving structures. the lim-
ited view afforded by this technique allows only separation 
into anterior or posterior pathways. This is not suitable for 
high resolution localization of the accessory pathway. In 
this study, we developed a technique for the use of digitally 
processed two-dimensional echocardiograms to localize the 
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site of earliest ventricular activation in a canine model during 
pacing at variable ventricular sites. We then prospectively 
applied this technique to patients with the Wolff-Parkinson-
White syndrome who underwent electrophysiologic testing. 
Methods 
Canine Studies 
Experimental preparation. Six mongrel dogs of either 
sex were sedated and maintained with barbiturate anes-
thesia. They were ventilated using a Harvard veterinary 
respirator. The heart was exposed through a median ster-
notomy and the pericardium was opened. A standard limb 
lead electrocardiogram was recorded. Six Teflon-coated 
stainless steel unipolar endocardial plunge electrodes were 
inserted into the ventricular myocardium. These sites were: 
I) anterior interventricular groove, 2) anterolateral free wall 
of the left ventricle, 3) posterolateral wall of the left ven-
tricle, 4) posterior interventricular groove, 5) right ventric-
ular free wall, and 6) interventricular septum. The plunge 
electrode to the mid-interventricular septum was directed 
by two-dimensional echocardiography through the right 
ventricular free wall. The electrodes were placed midway 
between the apex and A V groove, at a level corresponding 
to a standard cross-sectional short-axis echocardiographic 
view at the level of the papillary muscles. Pacing electrodes 
were randomly connected to a six position switchbox and 
the position was recorded by the technician. The pacing 
sequence was random and not known to the observers. Pac-
ing rate was increased until the majority of complexes on 
the electrocardiogram were of paced origin. 
Ecbocardiograpbic recordings. During pacing from each 
site, a two-dimensional echocardiogram was recorded using 
a commercially available mechanical sector scanner (Ad-
vanced Technology Laboratory, Inc.) and a hand-held 5 
MHz transducer. The transducer was placed directly on the 
right ventricular free wall; an acoustic standoff was not used. 
A standard surface lead electrocardiogram was recorded on 
the videotape simultaneously with the echocardiogram. Each 
echocardiographic segment recorded was encoded with the 
random pacing site number according to the location from 
the switch box. 
Clinical Studies 
Study patients. The study group comprised 21 patients 
(14 men and 7 women) with a mean age of 28 years (range 
16 to 68) who were referred for electrophysiologic evalu-
ation of tachyarrhythmias associated with accessory A V 
connections. All echocardiograms were obtained at the time 
of, or during the 24 hours preceding, electrophysiologic 
study. A standard 12 lead electrocardiogram was obtained 
before electrophysiologic testing, and delta wave orientation 
was determined by a blinded observer (E.N.P. or W.M.M.) 
according to the criteria of Gallagher et al. (5). 
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Electropbysiologic study. After informed written and 
verbal permission was obtained, electrophysiologic studies 
were performed with patients in the nonsedated, postab-
sorptive state after all antiarrhythmic medications had been 
discontinued. Four multipolar electrode catheters were in-
serted into femoral and right or left antecubital veins and 
positioned in the high right atrium, across the tricuspid valve 
in the region of the His bundle, at the right ventricular apex 
and in the coronary sinus. Standard surface leads I, II, III, 
V I and intracardiac recordings were displayed simulta-
neously and recorded at speeds of 75 to 150 mmls on a strip 
chart recorder (Electronics for Medicine VR-12). A custom-
built programmable stimulator provided incremental atrial 
and ventricular pacing as well as programmed atrial and 
ventricular extrastimuli (11). Localization of the accessory 
pathway to one of eight sites was determined using the 
sequence of retrograde atrial activation during orthodromic 
tachycardia and right ventricular pacing (\ 2) and the delta 
wave orientation on the electrocardiogram during antero-
grade conduction (5). These sites were: 1) anterior para-
septaL 2) right anterior, 3) right lateraL 4) right posterior, 
5) posterior para septal , 6) left posterior, 7) left lateral, and 
8) left anterior (Fig. I). 
Echocardiographic recording. Two-dimensional echo-
cardiograms at rest were recorded within 24 hours of the 
electrophysiologic study in all patients and repeated at the 
time of electrophysiologic study in all but two patients. All 
echocardiograms were recorded on a standard 90° mechan-
ical sector scanner (Advanced Technology Laboratory Mark 
300) using a hand-held 3 MHz transducer. Echocardiograms 
were recorded in the parastemallong- and short-axis views, 
and the apical four and two chamber views while the patient 
had normal sinus rhythm. The 19 echocardiograms per-
formed at the time of electrophysiologic study were recorded 
while the patient had normal sinus rhythm and were repeated 
during atrial pacing to induce maximal pre-excitation. All 
two-dimensional echocardiograms were analyzed prospec-
Figure 1. Schematic of echocardiographlc short-axis view in hu-
mans. The eight sites of accessory A V connections are illustrated 
(see text for details). M.V. = mitral valve; R.V. = right ventricle. 
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tively by two observers (W.F.A. and J.R.W.) who were 
unfamiliar with results of the electrophysiologic study or 
the surface 12 lead electrocardiogram. 
Echocardiographic Image Analysis 
For analog analysis (canine study only), 10 second in-
tervals of the videotape were stored on a video disc, then 
reviewed in real time, slow motion or frame by frame. 
Recordings were reviewed at each pacing location. For dig-
ital image analysis (animal and human studies), the analog 
signal was processed through a rapid (3.9 MHz) analog to 
digital converter and the images were stored in a commer-
cially available microprocessor-based offline echocardio-
graphic viewing system (Microsonics Inc) (13). This system 
allows acquisition and display of individual fields of video 
information. This allows collection (from the videotape) and 
update of information at 17 ms intervals. Each field of 
information contains half the number of lines of information 
presented in a full frame. To avoid loss of border continuity, 
each line is duplicated and then presented on the screen, 
thus giving a smoother image than presentation of the single 
field and avoiding the problem of image dropout usually 
seen in single fields. When a standard videotape player is 
used in a frame by frame mode, only alternate fields are 
displayed for a minimal update time of 34 ms. At co.1Ven-
tional frame rates, the 17 ms acquisition interval of the 
digital system allows analysis of echocardiographic images 
ems 
Figure 2. Echocardiographic determi-
nation of the earliest site of ventricular 
activation in a dog. Sequential short-axis 
echocardiograms at the level of the pap-
illary muscle are shown. End-diastole is 
traced (upper left panel) and retained on 
subsequent panels. At 17 ms, thickening 
and inward motion in the region of the 
posterior interventricular groove is evi-
dent (arrows, upper right panel). At 33 
ms further thickening and inward motion 
I 
are noted (bottom left panel). Finally, at 
33ms ",,,,' 102 ms the anterior left ventricle (LV) is 
thickening and moving inward (upper ar-
rows, bottom right panel) while the pos-
terior interventricular groove demon-
strates early relaxation (lower arrows, 
bottom right panel). 
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as they are updated, thus conferring an advantage in tem-
poral resolution compared with tape playback. 
After review of the videotape a single high quality image 
was chosen, and an electronic cursor placed at the pacing 
spike or in the PR segment for capture of the ensuing cardiac 
cycle. Eight fields were automatically stored at the preset 
acquisition rate (17 to 50 ms/image). Both the exact onset 
of acquisition and the acquisition interval were varied in an 
effort to collect data from the earliest (that is, the pre-
excited) phase of systole. The images were then reviewed 
in a continuous loop format or frame by frame. This play-
back system allows presentation of a stable image for con-
tinuous loop analysis rather than the distorted image seen 
when frame by frame analysis is undertaken directly from 
the videotape. 
Localization of earliest wall thickening and endocar-
dial motion. For both analog (dog only) and digital con-
tinuous loop (animal and patient) studies, images were re-
viewed by two independent blinded observers. Each observer 
evaluated the echocardiographic image for the location of 
earliest wall thickening and endocardial motion. This was 
then charted on a schematic of the short axis of the heart. 
In the clinical study the following anatomic reference points 
were used: from an anatomic/echocardiographic perspec-
tive, the right and left ventricles were divided into eight 
regions (Fig. I). The right ventricular free wall was di vided 
into three areas: I) a right anterior region adjacent to the 
anterior interventricular groove, 2) a right posterior region 
.. i7ms "," 
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adjacent to the po~tenor mterventricular groove, and 3) a 
right lateral region between the two and oppo~ite the mid-
point of the septum. The left ventricle was divided into five 
segments. The anterior paraseptal region was defined as the 
region from the septal midpoint up to and mcluding the 
anterior interventricular groove. The posterior paraseptal 
region included the inferior septum and posterior interven-
tricular groove. The left lateral location was identified as 
the ventricular wall opposite the midpoint of the ventricular 
septum and midway between the anterior and posterior in-
terventricular grooves. Left anterior and posterior regions 
were midway between the left lateral position and anterior 
and posterior paraseptal positions, respectively. These wall 
segments do not conform to current echocardiographic wall 
segment terminology but rather to previously described elec-
trophysiologic nomenclature for bypass connection location. 
Identification of site of bypass tract. The site of earliest 
activation was ascribed to the region of myocardium show-
ing the first myocardial thickening and inward endocardial 
motion. Additionally, the sequence of spread of mechanical 
contraction and subsequent relaxation was noted. Because 
the parasternal short-axis view scans the basal walls of both 
ventricles simultaneously, the sequence of activation could 
best be appreciated in this view. The apical and parasternal 
long-axis views served only to provide confirmatory infor-
mation and were not routinely analyzed in detail. In the 
clinical study, discrepancies in localization between ob-
servers were resolved by both observers jointly reviewing 
either the analog videotape or the digital continuous loop 
image, and reaching a consensus on bypass location; scoring 
sheets were then tabulated for precise or adjacent localiza-
tion (that is, a segment directly adjoining the site of origin). 
Comparisons between analog and digitally processed images 
in dogs and electrocardiographic and echocardiograhic lo-
calization were analyzed by the Fisher exact test. 
Results 
Canine Studies 
Localization of earliest site of ventricular activa-
tion. High quality two-dimensional echocardiograms were 
obtained from all six dogs. Distinct alterations of segmental 
wall motion were apparent by both digital and analog anal-
ysis. The precise site of origin of ventricular activation was 
best identified by the initial thickening and inward motion 
of a segment during early systole followed by early relax-
ation. In Figure 2 initial wall thickening and inward motion 
near the posterior interventricular groove at 17 and 33 ms 
are demonstrated in the upper right and the lower left panel, 
respectively. In addition, early relaxation of the wall near 
the posterior interventricular groove is demonstrated at 102 
ms (lower right). Using standard analog analysis, 22 (61 %) 
of 36 earliest sites of ventricular activation were precisely 
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Table l. Concordance Between Observers on Precise 
Localization of Earliest Site of Ventricular Activation 
(canine model) 
1289 
Ob,erver I Ob,erver 2 Concordance 
DigItal 31 (86'1() 32 (89%) 28 (78%) 
p Value < 0.02 < 0.02 < 0.004 
Analog 22 (61'7c) 19 (53%) 16 (44%) 
localized by Observer I, and 19 (53%) of 36 by Observer 
2. Digital imaging analysis was superior to analog analysis 
for both observers (p < 0.02). Using the continuous loop 
digital technique, Observer I precisely localized 31 (86%) 
of 36 segments, whereas Observer 2 correctly identified 32 
(89%) of 36 segments. Concordance between observers on 
the precise location of the earliest site of ventricular acti-
vation was significantly better with digital than with analog 
analysis: 28 (78%) of 36 versus 16 (44%) of 36, respectively 
(p < 0.004) (Table I). 
Analog versus digital imaging. The accuracy of both 
analog imaging and digital imaging improved if adjacent 
plus precise segmental localization was accepted as correct. 
For Observer I, 34 (94%) of 36 activation sites were cor-
rectly identified by analog analysis versus 36 (100%) of 36 
by digital analysis (p = NS). Observer 2 correctly identified 
32 (89%) of 36 activation sites by analog analysis, versus 
36 (100%) of 36 by digital analysis (p = 0.06, NS). When 
precise plus adjacent localization was accepted as correct, 
concordance was significantly better for digital than for an-
alog analysis (36 [100%] of 36 for digital versus 31 [86%] 
of 36 for analog analysis [p < 0.03]) (Table 2). 
Clinical Studies 
Results of electrophysiologic study. During electro-
physiologic study, 22 accessory A V connections with an-
terograde conduction were identified in 21 patients. All pa-
tients had evidence of ventricular pre-excitation on the surface 
electrocardiogram. At electrophysiologic study, 19 patients 
had only one accessory pathway identified and two patients 
had two accessory pathways identified. In Patient 2, anter-
ograde conduction was demonstrated over left lateral and 
posterior paraseptal accessory connections. In patient 11, 
anterograde conduction over a right lateral accessory A V 
connection was demonstrated, but at electrophysiologic study 
a concealed (retrograde conduction only) septal accessory 
A V connection was also identified. Pathway locations by 
Table 2. Combined Precise or Adjacent Localization 
(canine model) 
Observer I Observer 2 Concordance 
Digital 36 (100%) 36 (100%) 36 (100%) 
p Value NS 006 (NS) < 0.03 
Analog 34 (94%) 32 (89%) 31 (86%) 
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Table 3. Accessory Pathway Localization by ElectrophysIOlogic 
Study. EchocardIOgraphy and Electrocardiography in 21 Patient, 
Patient Age (yr) 
Accessory A V ConnectIon 
No & Sex EP Echo ECG 
34M LP LP PP 
2 37M LL LL LA 
PP PP 
3 I7F RA AP AP 
4 IBM LL LL LL 
5 22F PP PP PP 
6 31M RP PP RP 
7 37M PP PP PP 
8 41F RA AP AP 
9 39F PP PP RP 
10 16M LL LL LL 
II 18F RL RL RP 
Concealed septal 
12 22M LL LL LL 
13 36M LL LP LA 
14 IBM LL LL LL 
15 21F LL LL LL 
16 23M PP PP PP 
I7 40M LL LL LP 
18 68M LL LL LL 
19 29F LP LP LP 
20 25M AP AP AP 
21 20M PP PP PP 
AP = anterior paraseptal; A V = atrioventricular; Echo = echocardi-
ography; ECG = electrocardiography; EP = electrophyslOlogic testing; 
F = female; LA = left anterior; LL = left lateral; LP = left post~rior; 
M = male; PP = posterior paraseptal; RA = right anterior; RL = right 
lateral; RP = right posterior. 
echocardiography, surface electrocardiography and electro-
physiologic testing are tabulated in Table 3. 
Illustrative cases. Figure 3 illustrates the results of elec-
trophysiologic study in Patient 2 and demonstrates his left 
lateral accessory connection. In panel A delta waves as-
A 
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sociated with a shortened His bundle-ventricular activation 
interval are shown. In panel B an eccentric activation se-
quence (earliest atrial activation recorded in the distal coro-
nary sinus) is shown. Figures 4 to 6 are the two-dimensional 
echocardiograms from this patient. The upper panel of Fig-
ure 4 shows a parasternal short-axis view obtained at end-
diastole. Seventeen milliseconds after triggering, the left 
lateral wall thickened and moved inward (middle panel). At 
68 ms. the posterior interventricular septum and anterior 
free wall thickened and moved inward (bottom panel). Fig-
ure 5 illustrates the early mechanical motion of the posterior 
lateral wall in the parasternal long-axis view in the same 
patient. At 17 ms after triggering (middle panel). thickening 
and inward motion of the posterior lateral wall is illustrated 
between the arrows. The mitral valve was still open at this 
early phase of mechanical activity because of pre-excitation. 
At 102 ms (bottom panel), septal motion was apparent (up-
per arrows). Figure 6 illustrates the abnormal activation 
sequence of the left ventricle when the posterior paraseptal 
pathway was utilized. Note the now simultaneous activation 
of the anterior septum and posterolateral left ventricular wall 
compared with the sequence of activation in Figures 4 and 
5. 
The short-axis echocardiogram of Patient 20 (anterior 
paraseptal bypass connection) is presented in Figure 7. 
Before onset of mechanical activity the endocardial border 
has been outlined. The first mechanical activity was noted 
33 ms after triggering, when the anterior septum moved 
posteriorly. The mechanical activation spread circumfer-
entially around the ventricle at 165 ms. The image presented 
264 ms after triggering demonstrates early relaxation of the 
anterior septum. 
Correlation of electrophysiologic and echocardio-
graphic findings. Twenty-two accessory A V connections 
with anterograde conduction were identified at electrophys-
B 
1111111111111111111111111111 11111111111111111111111111 
Figure 3. Patient 2. Electrophysiologic data 
showing the left lateral pathway. Panel A was 
recorded during sinus rhythm. A positive delta 
wave is apparent in electrocardiographic leads I, 
II, III and V I. A short His bundle-ventricular (HV) 
activation interval of 30 ms is present. Panel B 
illustrates reciprocating tachycardia during which 
a left lateral bypass connection is used for retro-
grade ventriculoatrial conduction. Note the se-
quence of atrial activation (A) from left lateral 
(DeS) to medial (peS) and finally to high right 
atrium. DeS = distal coronary sinus electrogram; 
HBE == His bundle electrogram; HRA == high 
right atrial electrogram; pes = proximal coro-
nary sinus electrogram; RV = right ventricular 
apex electrogram. 
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iologic study. Eighteen (82%) were precisely localized by 
two-dimensional echocardiography (Table 3). Four path-
ways (18%) were localized to adjacent sites by echocardi-
ography. Two right anterior and one right posterior acces-
sory connection were localized to their adjacent para septal 
locations. The fourth accessory pathway, localized to the 
left posterior free wall by echocardiography, was mapped 
to the left lateral free wall during electrophysiologic study. 
The echocardiographic study at rest during sinus rhythm 
allowed localization of an abnormal activation sequence in 
10 patients. These patients all had left lateral or posterior 
paraseptal pathways. Atrial pacing in these patients induced 
maximal pre-excitation and a more dramatic abnormality of 
ventricular wall motion than that seen during sinus rhythm. 
In the remaining II patients, the study recorded during sinus 
rhythm was not considered diagnostic, and results are re-
ported from the study performed during atrial pacing. 
Role of electrocardiography. Surface electrocardio-
graphic delta wave orientation during sinus rhythm precisely 
identified the site of 14 (67%) of 21 accessory pathways 
manifested on the surface electrogram. Adjacent locations 
were identified in seven patients (33%). Surface electro-
cardiography failed to localize the second anterograde path-
way in Patient 2. Although more bypass connections were 
precisely· localized by echocardiography than by surface 
electrocardiography, this difference did not reach statistical 
significance (p = 0.08). Accessory A V connection location 
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Figure 4. Patient 2. Echocardio-
graphic determination of the earliest 
site of ventricular activation with an-
terograde conduction over a left lateral 
accessory A V connection. The para-
sternal short-axis view at end-diastole 
is illustrated at time 0 (upper left). At 
17 ms (upper right) an initial thick-
ening and inward motion of the lateral 
left ventricular endocardium is shown 
(arrows). At 51 ms (lower left) en-
docardial thickening and inward mo-
tion of the inferoposterior walls and 
anterolateral left ventricle are evident 
(arrows). At 102 ms (lower right) the 
anterior wall and anterior septum have 
thickened and moved inward appro-
priately. 
was confirmed by intraoperative electrophysiologic mapping 
and successful ablation of the accessory pathway in Patients 
10, 13, 15, 16 and 21. 
Discussion 
This study demonstrates that digitally processed two-
dimensional echocardiograms accurately detect the earliest 
site of ventricular activation in both a canine model and in 
patients with anterograde conduction over an accessory A V 
connection. In the controlled experimental setting, the con-
tinuous loop digital analysis was superior to standard analog 
analysis in precise localization of the earliest site of ven-
tricular activation and demonstrated significantly improved 
interobserver concordance. 
Previous studies. Invasive studies (14-17) have shown 
early systolic thickening at the site of stimulation and al-
teration of ventricular activation during pacing from differ-
ent ventricular sites. These invasive studies are paralleled 
by noninvasive studies. M-mode echocardiography (6-9) 
has identified alteration in septal or posterior wall motion 
in some patients with the Wolff-Parkinson-White syndrome. 
However, M-mode echocardiography is limited by the nar-
row "ice pick" view of the heart. For this reason it is unable 
to identify the site of origin of ventricular activation with 
sufficient accuracy to guide therapy. Radionuciide angi-
0graphy (10) has recently been applied to the study of ac-
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Figure 5. Patient 2. Echocardiographic determination of the ear-
liest site of ventricular activation. The parasternal long-axis view 
at end-diastole is illustrated in the upper panel at time O. At 17 
ms (middle panel) thickening at the left lateral base is evident 
(notice the thickening [arrows] of the lateral endocardium between 
o and 17 ms) at a time when the mitral valve is still open. At 102 
ms the interventricular septum (IVS) thickens and moves inward 
(bottom panel). Ao = aorta; LA = left atrium; LV = left ven-
tricle; PW = posterior wall; RV = right ventricle. 
tivation mapping in patients with accessory A V connections. 
This technique analyzes blood pool motion rather than ven-
tricular wall motion. Its spatial resolution is less than that 
of echocardiography, and only blood pool motion, not myo-
cardial thickening, can be determined. Radionuclide studies 
have the potential limitations of being expensive and rela-
tively immobile. 
Recently, two-dimensional echocardiography has been 
applied to the analysis of regional wall motion and the site 
of origin of ventricular activation. Uchiyama et al. (18) and 
Torres et al. (19) used two-dimensional echocardiography 
to analyze regional wall motion in a closed chest canine 
model using epicardial electrodes applied to the free wall 
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Figure 6. Patient 2, Parasternal long-axis view. This view was 
recorded during conduction over the posterior paraseptal pathway. 
Note the simultaneous motion of the anterior septum and postero-
lateral wall, occurring 51 ms after triggering. Abbreviations as in 
Figure 5. 
of the right ventricle and anterior and lateral left ventricular 
free wall. Using frame by frame tracings of endocardial and 
epicardial surfaces, systole and diastole were reconstructed 
and displayed on a computer-aided cine-loop replay. They 
demonstrated early systolic contraction and wall thickening 
followed by paradoxical motion and wall thinning in the 
region of direct electrical stimulation. Our study substan-
tiates the findings of early systolic contraction and wall 
thickening at the site of origin of ventricular activation. 
Although often more dramatic in magnitude than the early 
systolic thickening, we believed that the late paradoxical 
motion noted by the Corday group (18,19) offered little 
further information in identifying the site of origin of ven-
tricular activation. 
Limitations and advantages. We used an open chest, 
open pericardium canine preparation to validate the use of 
digitally processed images. Therefore, one could envision 
that overall cardiac motion might interfere with regional 
wall motion analysis. However, digital imaging of the early 
systolic motion (first 136 ms in the majority of cases) ex-
JACC Vol 7. No, 6 
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Figure 7. Parasternal short -axis view 
in a patient with an anterior paraseptal 
pathway. At end-diastole the endo-
cardial position has been outlined (up-
per left). The earliest systolic motion 
is of the anterior ventricular septum at 
33 ms after triggering (upper right) . 
Activation then spreads circumferen-
tially (lower left), and at 264 ms after 
triggering, the opposite wall has con-
tracted and there has been early relax-
ation of the anterior septum (lower 
right). 
. , --
cluded overall cardiac motion from analysis. Failure to ob-
tain a technically satisfactory two-dimensional echocardio-
gram is a potential limitation of any echocardiographic study, 
but our digital imaging system required only one high quality 
cardiac cycle for analysis. This could then be reviewed in 
a continuous loop format, which also negated the problems 
of competing rhythms or fusion beats as well as the effects 
of respiration. The use of endocardial pacing in our animal 
model is not strictly analogous to the epicardial location of 
a bypass connection. The endocardial pacing technique was 
used only to develop a model of varying activation sites and 
is not meant to represent a model of clinical pre-excitation. 
Finally, 9 of 72 sites in the canine model, and 4 of 22 
sites in patients with accessory A V connections were not 
identified precisely in this study. In the canine model, eight 
of nine errors occurred in distinguishing the right ventricle 
from the interventricular septum as the site of origin of 
ventricular activation. Similarly, right anterior or posterior 
accessory A V connections were ascribed to their adjacent 
paraseptal location in three of four patients. This could 
possibly be a result of the fusion of accessory pathway and 
A V nodal conduction. In this regard, maximal ventricular 
pre-excitation that occurs during relatively rapid atrial pac-
ing would decrease the initial A V nodal contribution to 
ventricular excitation and probably allow more accurate 
echocardiographic localization of the accessory pathway. A 
fundamental assumption in this study is that the site of 
earliest activation is in the echocardiographic field of view. 
Errors in localization can occur if this is not the case. In 
the study presented here, the precise localization in 18 of 
22 connections implies that in the majority of cases this 
assumption is valid. In a minority of instances the actual 
location may not have been in view. and thus adjacent sites 
were mistakenly identified. As noted above, this occurred 
more often with right ventricular bypass connections. 
Digital imaging versus analog analysis. In the canine 
study. offline digital analysis was significantly more accu-
rate than standard analog analysis. It allowed reproducible 
timing of the sequence of activation and permitted accurate 
comparisons between study subjects. Because digital im-
aging required only one cardiac cycle for analysis. it elim-
inated or significantly reduced problems with cardiac motion 
due to respiration. Consequently. analog analysis was not 
performed in humans. The present commercially available 
digital analysis system provided rapid, relatively simple 
analysis of regional wall motion and was easily adaptable 
to clinical use. 
Clinical implications. The eventual clinical utility of 
this technique remains to be fully developed. It appears from 
this study that rapid noninvasive assessment of the location 
of bypass connections is possible in humans. In our labo-
ratory, it has offered confirmatory evidence of bypass con-
nection location. When results of invasive electrophysio-
logic testing are equivocal because of failure to induce an 
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arrhythmia during which the accessory pathway can be 
mapped, or when catheter positions are uncertain, it may 
offer enough information to allow preoperative localization 
of a bypass connection. We encountered no difficulty in 
obtaining images for analysis. In part this is because of the 
young age of our patients, as is not uncommon in popula-
tions of patients with the Wolff-Parkinson-White syndrome. 
Image quality may be more of a problem in older patients, 
such as those with ventricular tachycardia being evaluated 
for ablative surgery. Although not addressed in this study, 
this technique could be applied in the operating room both 
for assessing the location of a bypass connection (or con-
nections) and for evaluating results of surgery designed to 
interrupt the reentrant circuit. 
Conclusions. Digitally acquired two-dimensional echo-
cardiography accurately and reliably predicts the earliest site 
of ventricular activation in the experimental setting and is 
superior to standard analog analysis. This technique is useful 
clinically as an adjunct to standard invasive electrophysi-
ologic mapping to localize the site of the accessory A V 
connections in patients with the Wolff-Parkinson-White 
syndrome. 
Addendum 
Since the submission of this manuscript, Patient 11 has 
undergone intraoperative mapping and ablation of the right 
lateral bypass connection. At the time of intraoperative map-
ping there was no evidence of a second pathway. 
We acknowledge Debra Carter for secretarial assistance. 
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